Osteosarcoma is the most frequent primary bone tumor. Staphylococcal nuclease domain-containing 1 (SND1) is a multifunctional protein that plays important roles in tumor development and progression. Overexpression of SND1 has been found in several malignancies, however, its expression and function in osteosarcoma is largely unknown. In the present study, we firstly examined the expression of SND1 in 12 pairs of osteosarcoma and healthy bones by immunoblotting and real time-PCR. The results revealed that osteosarcoma tissues expressed significantly high SND1 mRNA and protein expression compared to normal bone tissues. Next, we stably overexpressed SND1 ORF in MG-63 cells and further defined the biological function of SND1 in osteosarcoma by flow cytometry, cell proliferation and in vivo assays. We found that SND1 overexpression significantly promoted cell proliferation and tumor growth in vitro and in vivo. Furthermore, the non-targeted metabolic profiling, ELISA and luciferase reporter assays were performed on stable overexpressing cells and blood samples to elucidate the underlying mechanisms of SND1-mediated oncogenic features. The results revealed that SND1 increased the production of arachidonic acid PGE2.
Introduction
Osteosarcoma is the most common primary malignant tumor of the bones, which usually occurs in the rapidly growing backbone epiphysis (1) . Despite improvements in the efficacy of surgery combined with radiotherapy and/or chemotherapy, the 5-year survival rate of metastatic osteosarcoma patients is still less than 20%. Most patients with osteosarcoma succumb from lung metastases. At initial diagnosis, approximately 20% of patients present with lung metastases whereas 40% of patients develop metastases at a later stage (2) . There are currently no approved targeted therapies for osteosarcoma. Therefore, identifying the molecular mechanisms underlying osteosarcoma growth and metastasis is important to facilitate the development of effective therapeutic strategies of osteosarcoma.
COX-2 is an important rate-limiting enzyme that metabolizes arachidonic acid (AA) to endogenous prostaglandin (PG) (3) . Overexpression of COX-2 mainly enhances the activation of the AA/PG pathway and accelerates the production of PGE2, thus promoting tumorigenesis (4) . The COX-2/AA/PGE2 pathway is involved in inflammatory response, carcinogenesis, angiogenesis, invasion and metastasis of several tumors (5) (6) (7) . Exogenous PGE2 promotes the growth of osteosarcoma and represses the effects of meloxicam on cell viability (8) . Recent
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studies have shown that the percentage of osteosarcoma with COX-2 positivity ranges from 67 to 92%, and it is greater in metastatic lesions than that of the primary site (9, 10) . The inhibition of COX-2/PGE2 expression has become one of the promising targets for the treatment of osteosarcoma. SND1 is a multifunctional protein involved in multiple cellular processes, such as cell differentiation, cell proliferation, adipogenesis and lipid droplets in cellular stress responses. Initially, SND1 was identified as a transcriptional co-activator of Epstein-Barr virus nuclear antigen 2 (EBNA2) and subsequently found to interact with other transcription factors, such as c-Myb, Pim-1, signal transducer and activator of transcription 5 (STAT5), and STAT6 (11) . In addition, SND1 is a component of the RNA-induced silencing complex (RISC) that regulates RNAi-mediated gene silencing (12) . Recent studies have shown that SND1 is highly expressed in multiple types of cancer, including liver, colon, breast and prostate cancer and glioma (13) . To date, the role of SND1 in the carcinogenic process is not well understood.
The NF-κB pathway is one of the most important pathways involved in inflammation and carcinogenesis (14) . Inhibition of the NF-κB pathway represses the growth and increases the sensitivity of osteosarcoma to chemotherapies in vitro and in vivo (15) . A recent study has revealed that SND1 promoted the development of hepatocellular cancer by activating NF-κB pathways (16) . The activation of NF-κB is involved in the transcription of PTGS2, which is the encoding gene of COX-2 protein. In our preliminary experiments, we detected the protein level of SND1 and COX-2 in 12 fresh osteosarcoma tissues by western blotting and found that the expression of these two proteins was highly consistent. Therefore, we hypothesized that SND1 may promote COX-2 expression via the NF-κB pathway and participate in the development of osteosarcoma.
The present study revealed that the SND1 protein was upregulated in osteosarcoma tissues compared to paired normal bone tissues. Moreover, SND1 promoted osteosarcoma growth in vitro and in vivo by upregulating NF-κB activity to subsequently promote the expression of COX-2/PGE2. Collectively, these functional and biochemical studies indicated that SND1 exhibited oncogenic activities in osteosarcoma, and supported the targeting of SND1 as a new antitumor strategy for patients with osteosarcoma.
Materials and methods
Patients and tissue/blood samples. Fresh osteosarcoma tissues, normal bone tissues and paired blood samples were obtained from 12 patients with osteosarcoma who underwent surgical resection from January 2014 to January 2016 at the Department of Osteology of the First Affiliated Hospital of Dalian Medical University. Information on patient demographics (sex and age) and clinicopathological features (histology type and Ennecking stage) were obtained from clinical and pathological records (Table I ). There were 7 male and 5 female patients with ages ranging from 12 to 33 years. All fresh samples were collected from the patients at the time of surgical resection and confirmed by hematoxylin and eosin staining in frozen sections with histopathological analysis at the Department of Pathology of the First Affiliated Hospital of Dalian Medical University. The distal tissue of the resected tissue was collected and confirmed to be normal bone by frozen section. Twenty-three blood samples from healthy volunteers were obtained from the Physical Examination Center of the First Affiliated Hospital of Dalian Medical University. Blood samples were centrifuged at 4˚C and 1,080 x g for 10 min to obtain serum, and samples were stored at -80˚C until their use. Additionally, all of these surgical patients signed informed consents and agreed to donate their tissues and blood for research. Ethical approval for the project was obtained from the Research Ethics Committee of the First Affiliated Hospital of Dalian Medical University.
Cell culture. The human osteosarcoma cell lines, HOS, Saos-2 and MG-63 were purchased from the Cell Bank of the Committee on Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). HOS and MG-63 cells were cultured in MEM medium supplemented with 10% fetal bovine serum (FBS; both from GIBCO; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Saos-2 cells were maintained in McCoy's 5A medium (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) supplemented with 10% FBS. All the cells were cultured in cell culture flasks or Petri dishes in a humidified incubator at 37˚C in an atmosphere of 5% CO 2 .
Plasmids and transfection. The human SND1 ORF was obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China) and subcloned into the pLOC-Lentivirus vector. All transfection reactions were performed using PEI (Invitrogen; Thermo Fisher Scientific, Inc.) in accordance with the manufacturer's instructions. Stable transfectants were selected with 10 µg/ml BSH (Invitrogen; Thermo Fisher Scientific, Inc.). siRNA and transfection. siRNA for P65 (5'-GAT CCG AAG ACA GCC TTT ACT GAA ATT CAA GAG ATT TCA GTA AAG GCT GTC TTT TTT TTG-3') and a negative control were purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China). According to the manufacturer's protocol, cells were transfected using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). After transfection, the cells were cultured for 48 or 72 h before use in further ELISA and immunoblotting experiments.
RNA isolation and quantitative real-time PCR. Total RNA was isolated from tumor cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Reverse transcription PCR was performed using the Revert Aid First Strand cDNA synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Quantitative real-time PCR was performed using StepOnePlus and the DNA double-strand-specific reagent SYBR-Green I for detection (Roche Applied Science, Penzberg, Germany). Fold changes were calculated using the Cq method (17) . The results were normalized to GAPDH levels. The primer sequences were as follows: SND1 forward, GTG ATC AGA TAC CGG CAG GAT G and reverse, TCT TAA TAG CTC TGG CCT CTG CAG; GAPDH forward, CAC CAT TGG CAA TGA GCG GTT C and reverse, AGG TCT TTG CGG ATG TCC ACGT.
Flow cytometric analysis. Cells pellets were washed with phosphate buffered saline and fixed/permeabilized with 50% ice-cold ethanol. Pellets were washed and resuspended in 50 µg/ml ribonuclease A and 62.5 µg/ml propidium iodide. Samples were analyzed on the BD FACSCalibur (BD Biosciences, San Jose, CA, USA). The percentages of cells in various phases of the cell cycle were quantified using the ModFit LT Version 3.0 program (Verity Software House, Inc., Topsham, ME, USA). The error bars were derived from the SD of multiple experiments.
Luciferase reporter assay. X-tremeGene9 (Sigma-Aldrich; Merck KGaA) was used for the cell transfection. The firefly luciferase reporter gene construct, 3κB-Luc, containing three tandem NF-κB-binding sites upstream of the luciferase gene, as well as a Renilla luciferase expression construct (0.5 µg) and pRL-SV40 Renilla luciferase construct (10 ng, for normalization) (pSV40-h-gal; Promega Corp., Madison, WI, USA) were used for co-transfection. Cell extracts were prepared 48 h after transfection. The luciferase activity was measured using the Dual-Luciferase Reporter Assay System (Promega Corp.) according to the manufacturer's protocol (18) . The h-galactosidase activity was determined using the Galacto-Light Plus kit (Tropix, Inc., Bedford, MA, USA).
Cell proliferation assay. Firstly, equal numbers of cells were plated in 12-well plates in triplicate. Beginning on day 3, the cells were fixed with 10% methanol and stained with 0.1% crystal violet (dissolved in 10% methanol) every day. After staining, wells were washed three times with phosphate-buffered saline (PBS) and destained with acetic acid, and the absorbance of the crystal violet solution was measured at 590 nm.
ELISA. Culture supernatants were harvested, centrifuged to remove cellular debris, and stored at -80˚C. Culture supernatants and serum levels of PGE2 were quantified using a commercial ELISA kit (cat. no. ab133021; Abcam, Cambridge, UK), according to the manufacturer's instructions.
LC-MS based metabolomics analyses
Cell sample preparation. Cell culture plates were washed with PBS and snap-frozen in liquid nitrogen and stored at -80˚C. To the culture plate, 1 ml of -20˚C pre-cooled 80% methanol [with internal standard mixture of carnitine C2:0-d3, carnitine C10:0-d3, carnitine C16:0-d3, LPC 19:0, free fatty acid (FFA) 16:0-d3, FFA 18:0-d3, chenodeoxycholic acid-d4, cholic acid-d4, leu-d3, phe-d5 and tryptophan-d5] was added, and cells were gently scraped off the bottom of the plate into a 5-ml EP tube using a cell scraper. After thorough vortexing and centrifugation (13,000 x g for 10 min at 4˚C), the supernatant was pipetted for drying into a CentriVap Centrifugal Vacuum Concentrator (Labconco Corp., Kansas City, MO, USA). The dried residues were stored at -80˚C until analysis.
LC-MS-based metabolic profiling.
For LC-MS-based metabolic profiling, an ultra-high-performance liquid chromatograph (UPLC) (Waters Corp., Milford, MA, USA) was coupled to a triple TOF™ 5600 plus (Applied Biosystems, Foster City, CA, USA) mass spectrometer equipped with an electrospray source. The dried sample powder was dissolved in 80 µl of acetonitrile/water (1:4, v/v). After centrifugation at 13,000 x g for 10 min at 4˚C, 5 µl of supernatant was injected. During LC separation, the column temperature was set at 50˚C, with an elution rate of 0.35 ml/min. For the positive mode, a BEH C8 (100x2.1 mm x1.7 µm; Waters Corp.) column was used. The gradient started with 10% B (0.1% formic acid in acetonitrile) for 1 min, linearly increased to 40% B within 4 min, then increased to 100% B at 17 min and maintained for 5 min. The elute phase was rapidly changed to 90% A (0.1% formic acid in water) (within 0.1 min), and the total run time for each injection was 25 min, including a post-equilibration of 2.9 min. For the negative mode, an HSS T3 (100x2.1 mm x1.8 µm; Waters Corp.) column was used. The gradient started with 0% D [6.5 mM NH 4 HCO 3 in methanol/water (95/5, v/v)] for 1 min, linearly increased to 40% D within 2 min, then increased to 100% D at 16 min and maintained for 6 min. The elute phase was rapidly changed to 100% Av (6.5 mM NH 4 HCO 3 in water) (within 0.1 min), and the total run time for each injection was 25 min, including a post-equilibration of 2.9 min.
For data acquisition, the m/z values were scanned from 50-1200 for both ESI+ and ESI-modes. The ion source parameters were as follows: Source temperature set of 500˚C; Gas 1 and Gas 2 values were both 0.28 MPa; curtain gas was 0.24 MPa; and the floating ion spray voltages were 5,500 V and -4,500 V for positive and negative ion modes, respectively. IDA-based auto-MS2 was performed for the top 20 ions in MS response with an m/z scanning range of 50-1,200 Dalton, collision energy of (±)30 V and collision energy spread of 10 V. (19) .
TNF-α treatment. To activate the NF-κB signaling pathway, exogenous TNF-α was applied to the related experiments. Following the transient transfection of a firefly luciferase reporter gene for 48 h, 10 ng/ml TNF-α was added to the culture medium for 12 h. Then, cell extracts were prepared, and the luciferase activity was assessed. In addition, 10 ng/ml TNF-α was also added to the culture medium of control or SND1 overexpressing MG-63 cells with or without p65-siRNA treatment for 24 h. Subsequently, the cell extracts were prepared for the further ELISA and immunoblotting experiments.
Western blot analysis. Western blot analyses were performed with standard methods. Briefly, cells were lysed in radioimmunoprecipitation assay (RIPA) buffer containing protease inhibitors and phosphatase inhibitors (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Protein concentrations were measured using the BCA assay. Equal amounts of protein (10 µg) were fractionated by SDS-PAGE (10 or 12%) and then transferred to nitrocellulose membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The membranes were blocked in a buffer (TBS; 50 mM Tris-HCl and 150 mM NaCl, pH 7.4) containing 5% bovine serum albumin (BSA) and 0.1% Tween-20 followed by incubation with the following primary antibodies SND1 ( 3 ) was calculated as follows: V = ab 2 /2 where a and b were the largest and smallest tumor diameters measured at necropsy, respectively. After 22 days, the mices were sacrificed by CO 2 asphyxiation and the tumor tissues were harvested for use in further ELISA and immunoblotting experiments. According to the animal ethical guidelines and our preliminary experimental results, we set the maximum tumor weight to 10% of the mouse weight (equivalent to a maximum tumor diameter of 20 mm) as the experimental endpoint. In fact, the maximum tumor burden observed in our study was 7.6% and no mouse in the study presented with multiple tumors. The non-retrospective ethical approval obtained for the animal experiments was obtained from the Research Ethics Committee of Dalian Medical University.
Statistical analysis. All data represented the mean ± standard deviation of at least three independent experiments. Student's t-test was used to assess the differences between two groups. ANOVA-post-hoc pairwise comparison analysis was used to compare the means from three groups. Pearson's correlation analysis was used to assess the correlation between two groups. P<0.05 was considered to indicate a statistically significant difference. All of the relative protein expression was normalized by ImageJ (version no.: 1.8.0_112; https://imagej.nih. gov/ij/). Statistical analysis was performed using the SPSS 18.0 software package (SPSS, Inc., Chicago, IL, USA).
Results

SND1 expression in fresh osteosarcoma tissues and adjacent normal tissues.
To determine if SND1 is dysregulated in osteosarcoma tissues, immunoblotting and real time-PCR analyses were performed using human osteosarcoma tissues and paired normal bone tissues. As revealed in Fig. 1A , 75% of osteosarcoma samples exhibited high SND1 expression compared to normal bone tissues. Osteosarcoma tissues expressed significantly high SND1 mRNA ( Fig. 1B) and protein expression (Fig. 1C) , which was increased by 1.74-and 3.07-fold, respectively, compared to normal bone tissues.
Osteosarcoma is classified into chondroblastic, osteoblastoma, telangiectatic and fbroblastic types according to the histological difference. Immunoblotting data revealed that SND1 was highly expressed in 80% of osteoblastoma cases. However, SND1 expression was present in only 33.3 and 25% in chondroblastic and fbroblastic types cases, respectively. In the II B phase of Ennecking staging, positive SND1 cases accounted for 75%, which was far higher than other stages (Table I) . Thus, these results revealed that high SND1 expression may be related to the histological classification and the Ennecking stage of osteosarcoma.
SND1 promotes the proliferation of osteosarcoma cells.
To investigate the role of SND1 in osteosarcoma cells, the protein expression of SND1 was determined in 3 osteosarcoma cell lines, namely MG-63, Saos-2 and HOS. SND1 expression was relatively lower in MG-63 cells compared to Saos-2 and HOS cells ( Fig. 2A) . To further define the biological function of SND1 in osteosarcoma, SND1 was stably overexpressed in MG-63 cells, which were transfected with SND1-pLOC-Lentivirus plasmids and selected with 10 µg/ml BSH. Western blot analysis was used to verify the transfection efficiency. As shown in Fig. 2B , the SND1 protein expression in MG63-SND1 cells was significantly higher compared to the mock and control cells which were stably transfected with a pLOC-lentiviral vector containing an RFP open reading frame. Next, cell populations were examined by flow cytometry. SND1 overexpression increased the G1/S transition rate, resulting in a significant decrease in the proportion of G1 phase cells and an increase in the proportion of S phase cells (Fig. 2C) . Additionally, SND1 overexpression significantly stimulated proliferation compared to the control cells ( Fig. 2D ). Cyclin proteins in SND1-overexpressing and control cells were also detected. As shown in Fig. 2E , overexpression of SND1 led to a significant increase of cyclin D1 and cyclin E, while cyclin A and cyclin B1 were not altered. Collectively, these findings indicated that SND1 promoted the proliferation of osteosarcoma cells.
SND1 promotes PGE2 synthesis and release.
To elucidate the underlying mechanisms of SND1-mediated oncogenic features, we applied untargeted metabolite profiling in control and SND1-overexpressing cells using LC-MS. Arachidonic acid and other 20-C polyunsaturated fatty acids were upregulated in SND1-overexpressing cells compared to control cells (Fig. 3A) . In addition, the expression level of PGE2 was elevated in SND1-overexpressing cell culture supernatants (Fig. 3B ). In addition, higher serum PGE2 levels were observed in osteosarcoma patients (12 cases) compared to healthy controls (23 cases) (Fig. 3C) . Furthermore, the paired serum PGE2 levels were significantly positively correlated with the SND1 mRNA level in paired osteosarcoma tissues (n=12) (Fig. 3D) . Notably, the SND1 overexpression-stimulated cell proliferation was enhanced by exogenous addition of PGE2 ( Fig. 3E and F) . Collectively, these data revealed that SND1 promoted the proliferation of osteosarcoma cells by upregulating PGE2. SND1 upregulates COX-2/PGE2 expression through the NF-κB pathway. Since COX-2 levels have been revealed to be regulated by NF-κB, the involvement of NF-κB in SND1-mediated PGE2 induction was investigated. To investigate NF-κB activity, SND1-overexpressing and control cells were transfected with a reporter vector (3κB-Luc) and treated with TNF-α (a known activator of NF-κB) and luciferase activity was then determined. As shown in Fig. 4A , the basal NF-κB activity was significantly higher in SND1-overexpressing cells compared to control cells. Furthermore, treatment with TNF-α markedly increased NF-κB activity in SND1-overexpressing cells compared to Control cells (Fig. 4A) . In SND1-overexpressing cells, the level of COX-2 protein expression was also significantly higher compared with that in control cells, and this phenomenon was further accentuated after treatment with TNF-α (Fig. 4B ). In addition, siRNA was used to knockdown NF-κB p65 expression to determine if SND1 overexpression-stimulated COX-2/PGE2 expression depended on the NF-κB pathway. As revealed in Fig. 4C and D, NF-κB p65 depletion by RNAi significantly inhibited the expression of COX-2 and PGE2 both in control and SND1-overexpressing cells, and this phenomenon was also further accentuated after treatment with TNF-α. Collectively, these results indicated that SND1 activated the NF-κB pathway and increased COX-2/PGE2 expression.
SND1 promotes osteosarcoma tumor growth in vivo.
To further explore the effect of SND1 on tumorigenesis in vivo, control or SND1-overexpressing cells were injected into nude mice. In a 3-week assay, tumor volume and weight were monitored, and tumor growth was markedly enhanced with SND1 overexpression ( Fig. 5A-C) . The expression of COX-2 and PGE2 in SND1-overexpressing xenograft tissues was significantly higher than that of control groups, which was accompanied by increased PCNA levels ( Fig. 5D and E) . Collectively, these results revealed that SND1 promoted osteosarcoma tumor growth via COX-2/PGE2 production. 
Discussion
Despite efforts that have been increasingly made to discover the underlying mechanisms of the malignant biological behavior of osteosarcoma, the specific mechanism is still not clear (20, 21) . The present study revealed for the first time that overexpression of SND1 promoted osteosarcoma proliferation and tumorigenesis in vitro and in vivo. Moreover, the present findings demonstrated that SND1 manifested its pro-tumor activities by upregulating COX-2/PGE2 expression via the NF-κB pathway.
SND1 is a multifunctional protein that plays important roles in cell signal transduction, gene transcription, RNA splicing, RNA editing, stress, cell proliferation and apoptosis (11) . Abnormally high expression of SND1 has been detected in a variety of tumors, such as colon (22, 23) , lung (24, 25) , prostate (26) , breast (27) and liver cancer (28) . However, the expression of SND1 in osteosarcoma is still unknown. The present study found that that mRNA and protein expression levels of SND1 were significantly higher in osteosarcoma tissue compared to paired normal bone tissues.
In line with the present study, Bilbao-Aldaiturriaga et al reported that three SNPs located in miRNA-processing genes (CNOT1, CNOT4 and SND1) are associated with osteosarcoma susceptibility (29) . Collectively, these results and studies provided an indication of the importance of SND1 in osteosarcoma.
Uncontrolled cell proliferation is an important feature of tumor cells. Recently, several studies have demonstrated that SND1 participates in cell cycle regulation, but the specific mechanism is still not clear. Yoo et al revealed that SND1 promoted the proliferation of human HCC cells by increasing RNA-induced silencing complex (RISC) activity (12) . Jariwala et al confirmed that SND1 promoted the proliferation of human HCC cells by promoting tumor-initiating cell (TIC) formation (28) . In addition, SND1 interacted with E2F-1, which upregulated E2F-1 transcriptional activity, thereby promoting cell proliferation (30) . The present study demonstrated that SND1 significantly promoted MG-63 osteosarcoma cell proliferation and tumor growth in vivo and in vitro. In cancer cells, metabolism is markedly reprogrammed to support accelerated cell proliferation, including increased aerobic glycolysis and arachidonic acid/PG metabolism as well as decreased tricarboxylic acid cycle (31) (32) (33) . The present study revealed that SND1 significantly increased the production of arachidonic acid and other 20C polyunsaturated fatty acids in MG-63 cells, which was accompanied by increased secretion of PGE2. A previous study reported that exogenous PGE2 treatment promoted the proliferation of osteosarcoma cells through the MAPK/ERK signaling pathway (34) . In addition, PGE2 promoted the proliferation of colon cancer cells by activating the β-catenin axis through a biochemical pathway initiated by the activation of the G protein-linked PGE2 receptor, EP2 (35) . The present study revealed that the expression level of serum PGE2 had a significant positive association with the SND1 expression level in osteosarcoma tissues. Collectively, these results indicated that SND1 may be involved in the proliferation of osteosarcoma cells by increasing the expression of PGE2.
COX-2 is the rate-limiting enzyme during the metabolic formation process of prostaglandins from arachidonic acid. Downregulation of COX-2 expression inhibits the proliferation of tumor cells and induces tumor cell apoptosis by reducing the synthesis of PG. In addition, high expression of COX-2 occurs in a variety of tumors, including osteosarcoma. The expression level of COX-2 is related to osteosarcoma staging, and it can be used as an independent prognostic factor in osteosarcoma (10) . In recent years, the effect of selective COX-2 inhibitors on osteosarcoma has been confirmed in a number of trials (36) . The present study revealed that SND1 promoted the proliferation of osteosarcoma cells via the upregulation of COX-2/PGE2 expression.
The present study also investigated the underlying mechanism of SND1-induced COX2/PGE2 upregulation. NF-κB-p65 is a subunit of the NF-κB transcription complex that plays a crucial role in inflammation, cell proliferation, differentiation, and survival. Several studies have revealed that the NF-κB signaling pathway is in a continuous activation state in numerous tumors. PTGS2 is a target gene of p65, and activation of the NF-κB pathway results in PTGS2 upregulation. Santhekadur et al revealed that SND1 increased NF-κB activation in HCC cells (16) . The present study confirmed that SND1 also increased NF-κB activation in MG-63 cells. In addition, depletion of p65 expression in SND1-ox cells abolished SND1 overexpression-stimulated PGE2 release and COX-2 protein expression. Collectively, these data revealed that SND1 promoted osteosarcoma cell proliferation and tumor growth via NF-κB-p65 activation. However, the mechanism by which SND1 activated NF-κB-p65 remains to be determined.
There are still some limitations in this study. First of all, the available osteosarcoma patients were very limited in our department, only 12 clinical samples were collected in this study. Due to this this small clinical volume, which is not enough to analyze the association between SND1 expression and clinical features, we simply counted the proportion of patients with higher SND1 expression under different clinical characteristics. In addition, no significant PGE2 expression change in the serum of the tumor-bearing mice was observed, and this may be associated with the reasons that follow: i) the model construction time was too short to reach the peak PGE2 concentration in the blood; ii) this was a subcutaneous rather than an orthotopic transplantation model.
In conclusion, these findings in osteosarcoma cells and xenografts support that SND1 promotes proliferation and tumor growth by upregulating COX-2/PGE2 expression via activation of NF-κB. Therefore, downregulation of SND1 may represent an effective treatment method for inhibiting the proliferation of osteosarcoma. In addition, SND1 may act as a potential biomarker of the therapeutic strategies utilizing COX-2 inhibitors. 
